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ABSTRACT

Project engineers and managers involved in construction spend

a

disproportionate

construction data.

amount

of

time

collecting

and

processing

This processing of data typically causes the

construction manager to be distracted from the more important task

of

supervising

and

controlling

the

project.

The

amount

of

construction data will most likely continue to expand in the future
creating more of a burden on the construction manager.

the volume of data most likely will not occur.

management

systems

that

utilize

the

So reducing

New innovative data

latest

in

computer

automatic identification technologies should be developed.

report describes such a system for use by INDOT.

and
This

The goal of the

system is to create a "paperless" environment for INDOT personnel
that are involved with the construction program.

This system will

provide better data organization and flow resulting in reduced
paperwork processing time and providing more time to devote to
managing the construction process,

v

Chap ter 1

Intro duct ion

INDOT cons truct ion supe rvisi on perso nnel spend a cons
idera ble
amou nt of time proc essin g cons truct ion data (con struc
tion data
inclu des Mate rial & Test data ); some times to the exte
nt that it
distr acts them from thei r main task of direc ting and
supe rvisi ng
the cons truct ion proc ess. Based upon exis ting trend
s of incre ased
cons truct ion activ ity with out para llel incre ases
in INDOT
perso nnel ,

data mana geme nt will conti nue to expa nd, maki ng more
dema nds on thei r time . Not much can be done to redu
ce the amou nt
of cons truct ion data gene rated and mana ged, but a new,
inno vativ e
autom ated data mana geme nt syste m shoU ld be deve loped
to solve this
impe nding probl em.

A rece nt surve y, expla ined later in this repo rt, reve
als that
out of the 44 respo nding DOTs, 31 eithe r have such a
syste m or are
in the proc ess of desig ning and deve lopin g one. For
exam ple in the
neigh borin g state s: Illin ois is in a conc eptua l study
phas e to inhous e desig n a syste m; Ohio is at the preli mina ry study
phas e with
an outs ide cons ultan t to have an oper ation al syste m
by octo ber 91;
Kans as has hired a cons ultan t to desig n a syste m
whic h will be
oper ation al with in two year s; Mich igan has an oper ation
al syste m;
and wisc onsin has a syste m that has been oper ation
al for three
year s, both were desig ned in-ho use.
1

Perh aps the most matu re syste m is found in conn ectic
ut. In
1985 a $5 billi on rehab progr am began that burde ned
thei r exis ting
cons truct ion data mana geme nt syste m. To deal with
this probl em,
CONDOT,

cont racte d with a cons ultan t to desig n and deve lop
a
syste m.
Afte r spen ding two year s and $10.8 mill ion, the syste
m
went on-l ine in the summer of 1988 . The $10.8 milli on
paid for the
$8 mill ion softw are deve lopm ent, $1.8 milli on for PC
work stati ons,
and $1 milli on for main frame enhan ceme nts. Some othe
r backg round
infor mati on on the CONDOT syste m inclu des the follo wing
;
Befo re the new cons truct ion rehab progr am start ed
in 1985 ,
appr oxim ately $80 milli on was spen t each year on
highw ay
cons truct ion.

CONDOT spen t $750 milli on this year on cons truct ion
for appro xima tely 250 proj ects

The last two year s appro xima tely $ 1 billi on spen t each
year .
150 - 200 perso nnel have been added maki ng the tota
l numb er
appr oxim ately 400.
Appr oxim ately 40% of the proj ects are
mana ged by cons ultan ts, so for this year from the prev
iousl y
ment ioned numb ers, CONDOT will supe rvise appr oxim ately
$450
milli on in cons truct ion with appro xima tely 400 perso
nnel .

2

What about INDOT's construction program?
been like?

What is the current situation?

likely happen in the future?

What has the past
And what will most

A look at some statistics may help

answer these questions.

Table 1.1
Year

Construction Proqram: Past and Future

construction $

# of Projects

# Const.Employ.

(millions)
1987

260

600

734

1988

308

299

734

1989

338

434

724

1990

506

608

724

1991

560

450

1992

540

415

1993 & beyond

450+

**

••

400**

Difficult to project

This 724 compares with the 400 from Connecticut DOT.

Over the last five fiscal years(1987 - 1991), the construction
volume has increased from $260 million to $560 million, while the
number of INDOT supervisory personnel has decreased from 734 to
724.

Figure 1.1 is a graphical form of these numbers.

statistics

in themselves can be misused and may not reflect what actually is
the case so this reduction in personnel may have been warranted and
3
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4

1991

nece ssary .

But it shou ld poin t out that exist ing perso nnel
may be

appr oach ing a strai ned cond ition beca use of their
work load .

Tabl es

1.2

and

1.3

disp lay

more

infor mati on

abou t

INDOT

cons truc tion supe rvisi on.

Tabl e 1.2

Curr ent IHnOT cons truct ion perso nnel

PE & supe rviso rs:

316*

Insp ector s!

- Certi fied( EA1)

165

- Inter medi ate

162

- Entr y Leve l

--1l.l

Tota l

*

724**

The break down on this is:
Proj ect Engi neers

- 155

Proj ect Supe rviso rs - 161

316

**

Tota l does not inclu de temp orary insp ector s, cent
ral

offic e

cons truct ion

staf f,

and

some

adm inist ratio n

perso nnel at the dist rict leve l.

Tabl e 1.3 Documented cons truct ion Supe rviso ry cost s
1987 - $14.8 75 milli on - 3.7% of cons t. budg et
1988 - $16.5 62

"

- 4.2%

11

"

1989 - $16.9 47

"

- 5.8% "

1990 - $17.6 85

"

- 4.5% "

"
"

5

"
"
"

An informal survey of INDOT PEs revealed that on an average,
about five hours each day is spent on managing construction data.
This five hours is comprised of 3 1/2 hours by the PE or PS and 11/2

hours

by the

inspector.

so,

for

a

five

day work week

approximately 25 hours is spent on paper work for a project.

When

a PE or PS is assigned to multiple projects, the percentage of time
spent on paperwork is going to be higher.

Just because 31 other states have developed or are developing
a data management system isn't enough impetus for INDOT to have
one.

But two realities should not be overlooked either.

One is

that with transportation facilities continuing to deteriorate, and
heavier use is expected, more construction will be needed to keep
pace with the demand.

Secondly, because of a shrinking work force

and the likelihood of tighter state budgets, less INDOT personnel
will be available to manage construction projects.

With these

realities, tools such as this system needs to be developed for
INDOT.

Current literature reveals that there is a movement underway
in the construction industry towards computer integration of the
construction process.

several articles

in the Reference section.
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on this topic are listed

Chap ter 2

Work Acti vitie s
The Long Rang e Data Proc essin g comm ittee (LRDPC) estab
lishe d
seve ral work activ ities in orde r to reach the goal
of defin ing a
syste m.
Each of these will be expla ined and desc ribed in
the
follo wing parag raph s.

Com puter ized cont rols have been deve loped for seve ral
INDOT
acti vitie s.
Curr ent INDOT comp uter progr ams are: BAMS, with ongoing work in the PES, LAS, and the CAS modu les; the
Main tenan ce
Mana geme nt syste m, the Acco untin g syste m; the Mate
rials and Test
syste m; the cons truct ion reco rds syste m; and the Roadw
ay Mana geme nt
syste m curr ently unde r deve lopm ent. Each of these are
desig ned for
a spec ific purp ose and oper ate in a stand -alon e basi
s. Beca use of
this, "isla nds of autom ation " curre ntly exis t in INDO
T. An effo rt
need s to be made to link these islan ds toge ther
for shari ng
infor mati on.

Figu re 2.1 illus trate s this type of linki ng and data

shar ing.

The new syste m will be desig ned to assi st and serv
ice the
INDOT perso nnel supe rvisi ng cons truct ion. In orde r
to deter mine
what featu res shou ld be a part of the syste m, inter
view s were
cond ucted with perso nnel at the field , dist rict, and cent
ral offic e
leve ls. Thei r inpu t helpe d defin e those featu res found
in the next
secti on.
7

INTEGRATED DATA SYSTEM

8

M&T

Inter face

BAM S

MMS

CRS

RMS - Roa dwa y Man age men t Sys tem
BAMS - Bid Ana lysis Man age men t Sys tem
MM S - Mai nten anc e Man age men t Sys tem
CRS - Con stru ctio n Rec ord Sys tem
M& T - Mat eria ls & Test Sys tem

Figu re 2.1 INDO T Integ rated Syst em
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A large portion of paperwork is spent filling out various
INDOT forms.

One way to reduce this work would be to consolidate

or eliminate some of the forms.

A study of the forms requirements

and their paths was made to determine if this was possible.

A

database was compiled containing the form types and their routing
paths.

A copy of this database is found in

Appendix A.

The

committee decided that a formal review and recommendation on forms
should be performed closer to the system design and implementation
phase.

Another activity was to survey other state DOT's.

A survey

was sent to the other 50 (District of Columbia included) DOTs with
forty-four returned.

Of the forty-four, thirty-one indicated that

either a system was operational or in some stage of development.
These states were contacted by phone in order to collect more
information about their system.

A copy of the cover letter, mail

survey form, and the phone survey form is included in

Appendix B.

Information collected from the phone survey included what the
system does,

what data

is tracked,

system features,

in-house

developed or consultant used, software and hardware utilized, and
development costs and other costs.

Most states,

exceptions, have decided to automate in stages.

with a

few

For example,

construction records may be computerized first then materials and
test information would be next.

Software varied from a database

package like dBase 111+ to a higher more powerful language like C.
9

IBM PCs or comp atibl es were the mach ines used
and those that
trans ferre d files elec tron icall y were equip ped with
mode ms.
Inhous e deve lopm ent cost s have avera ged a coup le
hUnd red thous and
dolla rs($1 00,0 00 - $400 ,00), while outsi de cons
ultan t cost s are
high er, with conn ectic ut's at $8 milli on.
A comp lete summ ary on
each state is found in the Appe ndix C.

conn ectic ut DOT syste m

From the surve y, conn ectic ut's syste m appe ared to
be the most
comp rehen sive and matu re one. So on July 11 and 12
a trip was made
by two comm ittee memb ers for the purp ose of
obse rving and
eval uatin g the syste m. The follo wing desc ribes
some of the main
featu res of the syste m and gene ral impr essio ns.

In

1984

the

Infra struc ture

state

of

renew al

conn ectic ut

emba rked

progr am.

Due

to

on
the

a

$5

billi on

magn itude

of

cons truct ion activ ity and a limit ed supe rviso ry staf
f, CONDOT was
faced with the probl em of how to mana ge the infor
mati on.
So to
deal with this probl em seve ral mana geme nt syste ms
were iden tifie d
and deve loped . Thes e syste ms are the Cons truct ion
Mana geme nt and
Repo rting
(CMR)
syste m,
the
Prec onstr uctio n
Mana geme nt
Syste m (PCMS) ,
the Exec utive Repo rting Syste m (ERS ), and the
Fina ncia l Mana geme nt Infor mati on Syste m (FMIS) . The
CMR and the ERS
were demo nstra ted.
The PCMS syste m is sched uled to go "on- line
this fall and the FMIS is unde r deve lopm ent.
10

The Construction Management and Reporting system was developed and
brought on-line three years ago.

It is used on all projects.

The

Executive Reporting System is used in the central office by upper
management.

An overview for each of these two systems is now

provided.

The CMR is a PC stand-alone and interactive terminal system.

Each

project office is connected to the central office UNISYS main frame
via dedicated phone lines.

At each work station the user can

access the CMR system as well as the following software used for
local data processing.

These software are:

Lotus 123 - Used for computational purposes( e.g. rebar
calculations, cost+ accounts, etc.)

Multimate Advantage II - Used for correspondence. Allows
for electronic message capability to all installations.

Earthworks

II

Used

for

volumemetric

computations

(concrete & earthwork) - commercially available

Microsoft windows - Used for miscellaneous applications.

Exit to DOS

11

The system is menu driven and was developed with the software
AUTOMENU.

CONDOT buys the hardware and installs it.
equipment for approximately 300 installations.
used

and

each

installation has

a

They have purchased
Zenith equipment is

PC(XT compatible),

monitor,

printer, and modem.

At today's prices a similar setup should cost

no more than $3000.

Also, CONDOT repairs, maintains and moves the

equipment.

Extra security measures such as window bars and extra

locks are installed at the project offices to protect the equipment
from theft.

FHWA is tied into the system.

Any field consultant

can access the system as well.

The construction menu option is shown below.
capabilities of the CMR construction module.
construction Menu
1.

2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Contract
Construction Order
Sub / Contractor
Daily Inspector
District
Item
Payment Estimate
Section
Testing
Construction Order Request
Federal Voucher Request
Daily Inspector Report Request
Print Reports
Main Menu
Signoff

Enter Selection:

12

This shows the

The system is 10 and password protected.

Each user must have

Basically there are three operation

one to access the system.

modes in which a user can operate:

A - Add information into the system
1 - Inquiry, which is to look at the data

M - Modify the data

When the user is issued an 10 number and password, his system
operation mode is determined and assigned to the applicable fields.
A sample of the fields is shown in the below table 2.1.

Table 2.1 COOT Codes File Maintenance
CFSI05
AWG

TABLE 1 (MAIN AND SECONDARY MENU OPTIONS)

MAIN MENU

CONSTRUCTION

MANPOWER
CON STAFFING:
FINANCIAL
CONSULTANT "
PERSONNEL
PRE-CONSTR , I
CLAIM/DISP , I
TOWN/LOC INQ:I
CORRESPOND
CONSTRUCTION:Y
ON-LINE RPTG:*
CF/CONV PGMS:
POLIT DIST
CON COMMENTS!
SIGNOFF
oY

,I
CONTRACT
CONST ORDER:*
CONTRCT/SUB:I
INSP REPORT:*
DISTRICT
,I
ITEM
PAYMENT EST:*
,I
SECTION
TESTING
CO REQUEST
FED VOUCHER:*
IR REQUEST :*
PRINT RPTS
"NOT IN USE:Y
"NOT IN USE:Y

"

3
3

*
3
3

NON-CONSTRUCT

..

,
,

.

,

3
3
3
3
3
3
3
3
3
3
3

3

REPORTING

OTHER

,

MP CONTRACT
IR/POSS CLM: PRINTER :NTRPR3
CON RESRCE
CON ACTIVTY: DIR INPUT FLG:
MP RECONSIL :
CORR BY CON: TEST APPROVAL:
CON STAFFING:
FIN ACT BAL: ACCPT CONTRCT:
CON ASSGNMT
SPEC CORR
CONTR S OR P
POSITION NM
ACC WRK ZNE: DIST ENGNR
EMP INFO
EMP/POS LST:
WORK ORDER , I 3 CC SER RTNG:
REPORTING
PROJECT MOD
3 MP ANAL RPT:
*NOT IN USE
" 3 AVIL-INSP
BUDGET INQ ,I
*NOT IN USE
CONSULT CO
AVAIL-P.E.
NON-CONSTRUCT
CONSULT SEL
POL DIST
SUBCON CONV:
CONSULT SUP
VLD BUD LIS: ITEM CONV
CONSULT EMP
PRJ MOD ST
CODES FILE
,y
MAIN MENU
*NOT IN USE: *NOT IN USE:
,y
SIGNOFF

,

,

Some miscellaneous features include the following.

,

The only

report that is submitted in the field is the daily report.
13

Once

the daily report is entered it can only be revised by another daily
report.

At the bottom of each screen are fast path features that

give the user quick access to other parts of the system.

The pay

estimate is performed overnight and only lists items to be paid
during the pay period.

Only major correspondence items leave the

field office. A paper copy of all correspondence is only kept at
the field office.

The program does track testing data between the

field and the testing labs (District & Central).

CONDOT's data

processing department performs the long term maintenance of the
system.

Executive Reporting System

This is an information overview system for use by upper management.
It is a PC based system that utilizes Oracle database and Easel
software and a touch screen.
updated every night.

Information used by the system is

This system is visually operated by using

colors and the touch screen.

Colors are used to indicate project

condition based on certain parameters.

Red - A problem exists.
Yellow

Conditions

exist

that

warrant

caution.
Green - Conditions are OK.
The system does have graphic capability for representing data.
Each user can customize his work station and choose which projects
14

to monitor.

The last major work activity was to evaluate the various
system options.
requirements,

This included hardware configurations, software
development

options,

option, and expected benefits.

associated

costs

for

each

This information is described in

the following chapters.

15

Chapter 3

system Features

Computerizing

or

creating

a

"paperless ll

environment

for

construction records and material and test data is the goal of the
proposed system.

Currently, underway is the construction records

program which is providing for electronic record keeping on a
project.

goal,

This program may provide the initial step toward this

but in its present form it needs enhancing.

Also,

the

software being utilized may not allow for the following features.

General capabilities will be the automation of construction
field data.

Initially this will encompass the capture, storage,

and transfer of daily field generated data, materials and test

data, and processing reports and contractor payments.

The foundational feature that undergirds the system will be
data integration.

Data that is collected and used in this system

should be stored in a format that is accessible
computer

systems;

those

existing

systems

earlier in the report and future systems.

from other INDOT

that

were

mentioned

Therefore the

hardware configuration should have the capability to allow for this
sharing of data between the various systems.
overall

perspective

of

system

inclusion will

important features of this system.
16

Possessing this
be

one

the most

Hardware configurations

Based on the previously mentioned premise of data integration,
data

will

need

accessible

to

from

be

other

stored

on

a

central

systems.

This

database
will

that

require

is
the

configurations to center around the main frame which contains the
centralized database.

Because of this requirement, there are three

viable configuration options.

1.

These options are:

Main Frame based system - All storage and processing is

handled on the main frame.

PC acts as a terminal.

accessibility is controlled at the main frame
user access codes.

Data

by specifying

Communication costs are high because it is

on-line and interactive .

2.

Main frame is used as a storage device with processing

required for managing the database and communicating with
users.

Data

resides

at the main

processing is done at the PC level.
and terminal environments.

while

the major

PC acts in stand-alone

Stand-alone provides the user with

additional computer capabilities.
the PC,

frame

By processing the data at

this lessens dependency on the main frame and its

availability.

With batch loading to and from the main frame,

communication costs can be greatly reduced.

This can be

scheduled on a daily basis so that next day information is
available.
17

3.

Main frame is used as a storage device.

At the district

level a mini system will reside where data is received from
the projects, stored temporarily, processed, and eventually
stored on the main frame.

The pes in the field do

not

communicate with the main frame but go through the mini in the
district.

This lessens dependency on the main frame, so that

in case it is down

users can still operate.

Figures 3.1, 3.2, and 3.3 on the next three pages portray these
hardware configurations.

BAMS Inteqration

Since BAMS will play a key role in INDOT computerization it
should be integrated into the proposed system.
should allow for data transfer

This integration

in and out of BAMS and for

a

coordinated processing effort between the two systems.

Two states, Colorado and Minnesota, have developed a PC BAMS
integrated version.
into

BAMS

and

Both have PC database programs that can link

transfer

data

in

and

out

of

BAMS.

A brief

description of each is provided below.

- Colorado PC BAMS version
CASpc,

a

dBase III+ project data management software

developed in-house, has BAMS tie-in capability.
18

It is a

Central Office
Main Frame

- System Storage
- System Processing

Main Frame Based
On-line, interactive

Project Office
PC

- Stand-alone computing

,

ii-i==i
~/

- Terminal

Figure 3.1 INDOT Hardware Option 1
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Cen tral Offic e

- Syst em Stor age

Main Fram e

- Syst em Proc essi ng
(Min imum )

I
B atch Com mun icati ons
L ower Com mun icati on Cos ts
L ess depe nden cy on main fram e

V
Proj ect Offic e
PC

"
I [:1" Lt I:j !i
i-i
VI

- Proc esse s Data
- Stan d-alo ne com putin g

=1

Figu re 3.2 INDO T Hard ware Opti on 2
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Central Office
Main Frame
- Long-term storage

- Existing Data line utilized

District Office
- Temporary Data Storage

Mini System

- Data Processed
- Lessens dependency on MF

- Batch communications
- Communicates with Mini
Project Office
PC

- Localized computing

ii-i==i
VI
,
Figure 3.3 INDOT Hardware Option NO.3
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daily recording system with monthly uploading into BAMS
CAS

module

and

automated

bypassing CAS entry.

LAS

download.

It

allows

It transfers data in and out of

BAMS through communication software.

Colorado spent

$100,000 on this development.

- Minnesota DOT (MINDOT) has integrated the BAMS CAS by
downloading through a flat file format into a PC database
system.

All processing is handled at the PC level. The

transfer is made by floppy.

This system was developed

in-house at a cost of about $100,000.

One possibility is that BAMS integration may be too difficult and
expensive,
system.

so instead,

incorporate BAMS functions into the new

Several states have done this.

computerized Specs

One of the system capabilities identified by the committee is
to have the specifications in electronic form.

This means that the

standard specs, supplemental specs, and special provisions will be
stored and maintained in electronic form and made accessible to
users.

Because of the various types of users,

provides the platform for spec storage.

the main frame

However, the user should

have at the PC level the ability to manipulate, process and use the
specs.

An expert system software may need to be utilized for this
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capability.

With this format many desirable features are possible

for specification users.

A list of these potential capabilities is

summarized and provided below.

- Capability of selecting and sorting spec sections at
either the main frame or PC levels.

- Specs shall be indexed to provide a partial or complete
listing when specified by date.

The effective date of

application for each spec section will be a part of the
indexing.

- The spec sections should be linked to the bid items at
the design stage.

- Spec file shall be linked to the contract file so that
the applicable spec for each line item is available.

- Applicable spec sections should be tagged to contract
items.

This itemized listing should be a part of a

master file and be available to any user.

- supplemental specs and special provisions can be added
at any time but should be dated with effective date.

supplemental specs should be formatted in a manner so
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that the user will be made aware of the changes to it.

User inquiry capabilities should be so that various
ways

of

sorting

and

retrieving

is

available

(e.g.

material type, payment basis, construction procedures,

etc.).

- Once a contract is awarded, no change can be made to
the original line items and specs except through special
authorization.

All changes should be by Extra Work

Agreement procedures and line item number with assigned
appropriate spec sections.

FHWA Guidelines

Since this system will be used on projects that fall under the
jurisdiction of the FHWA,
need compliance.

certain established FHWA guidelines will

These guidelines are summarized below.

- Provide for adequate backup and recovery of records to
protect against information loss.

Protection procedures

should be in place to prevent both human and system
failures.

Prevent

unauthorized

electronic records.
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alteration

or

erasure

of

-

DOT requirement of validating equipment reliability

when records are created.

- Accurate audit trail must be present.

- Adequate data storage backup in place.

User Ease

Another important feature is the "user friendliness" of the
system.

This can be enhanced with the following:
- Screen menus
Pull down capability
Menu bypass capability
- Help screens
- Input error checking and correction capabilities
- User security controls, for limiting access by users.

PC

computing

computing capability should be available to the user at the
PC

level.

Capabilities

provided

would

give

the

user

local

computing capability and allow for user developed personalized
applications.

At a minimum, the following software should be

available:

spreadsheet capability

(paradox) ,

electronic mail,

(lotus),

word processing,
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database manager
and volumemetric

calculation capability for earthwork and concrete calculations.

Miscellaneous Features

The features mentioned in this section are applications of
some of the latest technologies in data management.
could

be a

part

of

the

initial

These features

system or phased

ultimately a "paperless" system could exist.

in

so that

A short description

of each is provided.

Portable data collectors

utilizing

hand

held

data

collectors

automate the data collection process.
used

in the

information.

field

to

record

in

the

field

would

The portable device can be

testing,

inspection,

or delivery

Once stored on the device, the data can be uploaded

into a PC for processing.

Arkansas is planning on using such a

device that costs $300.

Asphalt/Concrete plant tie-in

Batch plant data such as batch numbers and weights can be
recorded and transmitted electronically, eliminating most of the
time and labor required in the manual process.
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RF tags to reco rd quan tity insta lled

Radi o Frequ ency (RF) syste ms can be utili zed to track
and
reco rd haule d cons truct ion quan titie s. Haul ing unit
s are affix ed
with tags that store haule d weig ht and numb er of
trips .
This
infor mati on is inscr ibed on the tag by pass ing the
unit over a
scale and RF scan ner that write s it on the tag. The
haul ing unit
esse ntial ly has a porta ble datab ase attac hed to it from
whic h data
can be retra cted and uploa ded into the data mana geme
nt syste m.
This woul d elim inate the need for an insp ecto r to coun
t and meas ure
quan titie s.

Bar code usag e

INDOT form s that have reoc curri ng field s of data
that are
keye d into the comp uter could prob ably bene fit from
using bar
code s. Bar coded labe ls could be attac hed to testi ng
samp les and
used to iden tify and track them throu gh the testi ng proc
ess. Also ,
bar code d menu table ts can be utili zed to quick ly ente
r data into
the comp uter. For exam ple, the mate rial code looku p
progr am could
be expe dited by using bar code s for ente ring searc
h param eters .
Usin g bar code s can sign ifica ntly impro ve data entry
speed and at
the same time reduc e data entry erro r. The only equip
ment requ ired
woul d be a read er or scan ner and softw are that can
prin t the bar
code s on the docu ment s.
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Lab equipment RS232 interface

Lab and testing equipment can be equipped with RS232 ports so
that data can be captured electronically into a computer system.
This would eliminate manually recording the information and keying
it into a computer.

Laboratory Information Management System (LIMS)

LIMS is a commercially available software package developed
for laboratory automation support.

These packages can operate in

a mini or PC environment.

Graphics

Interfaced

Transportation

Information

System(GITIS)

Interface

The data captured by this system can become a part of GITIS by
developing an interface.

This should become a component of the

design.

Electronic signature control

Signature authorization is required to process many of the
INDOT

forms,

Technologies

especially
are

electronically.

for

available

contractor
that

progress

provide

this

payments.
capability

One is the use of a plastic magnetic stripe card
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that is scanned when authorization is required.
new,

Another, which is

is by utilizing touch screen technology signatures can be

recorded onto electronic documents.

Document scanner

utilizing document scanners could be one way to quickly enter
paper documents into electronic form.

Certain forms and processes

may lend themselves to this technology.

Material computer code lookup program

One of the features identified and requested in the field is
the ability to retrieve material codes electronically.

Currently

to locate the correct code involves a lot of searching through
manuals.
saver.

Performing this task on the computer would be a big time
A bar coded menu tablet could be utilized.

Electronic clipboard capability

This is another new technology tool and is really in its
infant stage.

With this device, field personnel can use it to

record information electronically much like they would with a clip
board and paper.
used

An ideal application is drawing sketches that are

in the final

construction report as

quantity locations.
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backup on material

Initial Capabilities

All of these capabilities or features listed above can be

components in the system but it may too complex and unnecessary
initially.

The system is conducive for a staged development and

implementation so that these can gradually be added.

But to have

a productive, useful system, certain features are necessary.

These

are the automation of construction records and material and test

data, a basic computerized spec capability, and establishing a BAMS
tie-in to the field level PC.

Future capabilities

Following the initial stage, these other technologies can be
utilized to enhance and further automate the process.

Further

capabilities such as an Executive Reporting System and a complete
computerized spec capability can be brought on-line.

Also a tie-

in to the Roadway Management System should be established.
possible

future

constructability

module

is

data

and

to

use

the

transferring

incorporating into futUre projects.
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system
it

to

for

One

capturing

design

for

Chapter 4

System Costs

System cost will depend upon several factors.

These are costs

for software development, hardware, software, communication, system
and hardware maintenance, information services staff support, and
training.

Each cost factor will be analyzed.

software Development

Developing the software could be the largest initial cost.

Basically three options exist with some variations possible for

each one.

These three are:

1.

Consultant

2.

In-house developed

3.

Hybrid - In-house + consultant

Each option has its pluses and minuses, so the one chosen will

depend upon several factors.

Descriptive specifications for each

option would need developing to ensure system capabilities.

constraint

that

will

affect

development

is

that

One

information

services is deficient in personnel and overloaded with projects;
31

and

beca use

of

prio ritiz ation

of

deve lopm ent start -up could be delay ed.
the deve loper must look towa rd

data

proc essin g

proj ects

Whic hever optio n is chose n

futur e hardw are deve lopm ents and

softw are capa bilit ies.

An outs ide cons ultan t may prov ide expe rtise and
expe rienc e
that pote ntial ly could produ ce a bette r prod uct.
Cons ultan ts
usua lly have the manp ower to devo te to a
proj ect so that
deve lopm ent time could be shor ter. On the flip side,
cost s will be
high er.
For exam ple, Conn ectic ut paid Ande rsen Cons ultin
g of
Hart ford $8 milli on. Ande rsen was cont acted to
get a preli mina ry
cost for conv ertin g CONDOT's syste m to INDO T's IBM
platf orm and the
figur e was $3.3 milli on with a requ ired deve lopm
ent time of 13
mont hs. If this optio n is chose n, then INDOT infor
mati on serv ices
woul d need to be invo lved to supe rvise the deve lopm
ent.

Usin g in-ho use perso nnel to deve lop a syste m would
be less
expe nsive but othe r facto rs must be cons idere d.
The avai labi lity
of infor mati on serv ices perso nnel to work on a
proj ect of this
magn itude may be limit ed. This may cause a long er
time perio d for
deve lopm ent. Expe rienc e in this type of syste m deve
lopm ent may be
less than the cons ultan ts.
But long term supp ort for the syste m
may be bette r than a cons ultan t beca use of
INDOT' s thoro ugh
know ledge on the syste m.

The third poss ibili ty is to have a mixt ure of
in-ho use and
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outside consultant to supplement the development effort.

The

consultant could provide additional expertise and experience while
INDOT personnel would have more control over the final system
makeup.

This combination may also reduce costs.

Hardware

The key hardware component in the system will be the PC work
station.

Equipment included in the work station will be:

PC-AT (minimum), A 386 machine may be needed by the
time the system is ready for implementation.
Monitor
Printer
Modem

At today's prices this setup could be obtained for around $3000.
Therefore for a 300 project hypothetical case the hardware cost
will be:

300 x $3000 = $900,000

With a bulk purchase this cost could be less.

currently INDOT is in the process of upgrading their main
frame capability.
demands to it.

The proposed system will

bring additional

The committee is recommending hardware option 3.
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In option 3 the PC communicates with the mini system at the
district so there should be no need for increased communications
capabilities.

All of the PC communications is performed through

the mini system at the district level.

Estimated additional data

storage requirement on the main frame will be approximately 500
megabytes a year. This type of data should reside on the main frame
for a couple years before it is dumped onto some permanent storage
media.

So, for this time period an additional 1 to 1.5 gigabytes

of main frame storage may be needed by the system.

Hardware configuration option 3 utilizes
district level for storing,
data.

processing,

hardware at the

receiving,

and sending

The committee determined that potentially a hundred remote

users could be accessing the system but initially it would be
around fifty.

In order to define hardware, these requirements were

communicated to IBM representatives.

IBM reps stated that a mini

system would have the capability and more specifically the AS 400
C20 system.

Not only can this hardware support external users via

phone lines but it can locally support around fifty(50) network
Users.

Cost

for

this

system is approximately

includes a state discount.

$55,000

which

Included in this price is the hardware,

software, and communication capability for the off-site users and
to the main frame at the central office.

This system will be

utilized in each of the six districts, so total estimated cost for
this aspect of option 3 is:
$55,000 x 6 = $330,000
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softw are
If the softw are chose n for devel opme nt is not with
in INDO T's
inve ntory then cost s will be incu rred for this.

Softw are will be

need ed at the PC for the syste m and loca lized comp
uting capa bilit y
and at the mini for datab ase mana geme nt and
comm unica tion. No
softw are will be neede d for the main frame .
PC softw are
utili zed.

costs will depen d on what

Softw are

that

could

be

used

softw are

for

loca l

is

to be

comp uting

inclu des: sprea dshe et, datab ase, elec tron ic mail
, word proc essin g,
and misc ellan eous engin eerin g calcu latio n capa
bilit ies. softw are
will be requ ired for the cons truct ion data syste
m.

In orde r to have loca l comp uting capa bilit y on
the PC the
abov e ment ioned softw are will be requ ired.
Cost s for these will
depen d upon indiv idua l vend ors and thei r licen sing
agree ment whic h
may vary sign ifica ntly . The Conn ectic ut syste m
has this featu re so
offi cial s there were cont acted for cost infor mati
on. Afte r talki ng
wi th them and a coup le of vend ors, it was deter
mine d that an
accu rate cost cann ot be deter mine d at this time .
The follo wing is
just a rough estim ate becau se the cost is affec ted
sign ifica ntly by
the indiv idua l vend or agree ment s and what softw
are is reall y
need ed.
Spre adsh eet -

$300

Data base -

$300

Engi neeri ng Cale s -

~

Tota l =

$650
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Softw are for the cons truct ion data syste m will eith
er be
Parad ox or a high er langu age. INDOT curre ntly has Parad
ox but it
will need a comp iler if it does n't have one. A comp
iler will cost
appr oxim ately $500 .

It is assum ed that INDOT poss ess a high er
leve l langu age, so there shou ld be no cost for this .

Word proc essin g and elec tron ic mail capa bilit y can be
prov ided
by the mini econ omic ally. othe r softw are neede d at the
mini is PC
comm unica tion and emul ation . The cost for these capa
bilit ies is
appr oxim ately $11,0 00 per mini stati on.

Inclu ded in the mini

syste m hardw are cost is the oper ating syste m and comm
unica tions to
the main fram e.

Hard ware optio n 3 will utili ze the main frame as a
stora ge
devi ce. INDOT has in-ho use softw are for a corp orate
datab ase on
the main fram e.
So there shou ld be no cost for softw are on the
main fram e.

comm unioa tion

Tran sferr ing data from the field to the dist rict or
to the
cent ral offic e main frame will have asso ciate d cost s.
This cost
will be depe nden t on the frequ ency I dura tion, and
dista nce of
trans miss ion.
with modem,

The optio ns avai lable are: busin ess telep hone line
dedi cated data line, and the integ rated digi tal

serv ices netw ork.

A cost anal ysis of each follo ws.
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Busi ness line with modems

Insta llati on cost( jack) = $100
Mont hly line charg e = use in-pl ace line
Toll

call

rate

=

depen ds

down loadi ng frequ ency .

upon

uplo ading

and

If batch , then say

$50/r nonth .

with this setup then the tota l comm unica tion costs
per insta llati on is appro xima tely $50/m o.

If 300 proj ects is used as a hypo theti cal numb er then
INDOT's year ly cost (assu ming each proj ect runs a year)
for main taini ng comm unica tion links for the syste m will
be :

Insta llati on cost= 300 x $100 /inst all.

=

Mont hly charg es = 300 x $50/m o. x 12

= $180 .000

Tota l

~

$30,0 00

$210 ,000

The insta llati on charg e could prob ably be elim inate d
by
train ing INDOT perso nnel that inst all the PC to inst
all
an extra phon e jack if it is need ed.
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Dedi cated data line (24 hour servi ce)

Poin t-to- poin t serv ice wI

avera ge dista nce from

Indy 100 mile s:
Insta llati on fee
Mont hly serv ice

=

=

$720
$450

So for a 300 proj ect hypo theti cal case , the year ly
syste m comm unica tion costs will be:

Insta llati on cost = 300 x $720
Mont hly serv ice =

=

$216 ,000

300 x $450 x 12= $1,62 0,000

Tota l

= $1,83 6,000

This cost will prob ably proh ibit an on-l ine inter activ
e
syste m like CONDOT's.
Ther efore , the syste m desig n
shou ld utili ze a daily or perio dic batch tran sfer of data
with comm unica tion costs close to the firs t optio n.
Integ rated Serv ices Digi tal Netw ork(IS DN)

Due to the loca tion of the insta llati ons aroun d
the
state , this optio n is not avai lable beca use the netw
ork
is only acce ssibl e at certa in loca tions .
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Misc ellan eous

Cost s from othe r sourc es will happ en.

To main tain, serv ice

and upda te revis ions into the syste m, infor mati on
serv ices staf f
supp ort will be need ed. One from that depa rtme nt
may be need ed on
a part time basi s.
Succ essfu lly imple ment ing the syste m in the
field

will

requ ire

a

train ing

progr am.

This

could

invo lve

deve lopin g a train ing manu al and cond uctin g train
ing sessi ons for
syste m user s.
Secu ring the hardw are at the remo te proj ect
loca tions with extra locks , windo w bars and othe r
prec autio ns will
be anot her cost .
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Chapter 5

System Benefits

The adoption of a system will accrue many benefits to INDOT.
Most of these are hard to quantify

but nevertheless will occur.

These are: decisions are based on complete information; the quali

ty of information is consistent; eliminates duplication of effort
in recording and saving data;

offers a better construction claims

recording system; better defined audit trails making it easier to
track information;

easier forecasting and trend analysis;

improved accessibility to test results; increased credibility in
data, FHWA tie-in;
reduction;

consultant tie-in;

supervision

cost

paperwork processing time

reduction;

and

frees

PE

from

paperwork burden.

Also because valuable data will become easily accessible and
retrievable the following will be possible:

More accurate future cost estimates
Tracking and processing constructability data
Improved estimated quantities capability
Improved project duration estimates
Better tracking of roadway and structure status for
construction and maintenance planning
Contractor performance records
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Ability to tie-in to FHWA database of information

To quantify some cost savings, the committee has identified
the following impacted areas and their estimated savings. Savings
will occur in:

postage; paperwork; form printing and storage;

permanent record storage; management inquiries, and quality of the
constructed project.

The savings calculated here are annual and

would be expected from the complete automated system.

Postage:

$60,000

Because information will be transferred electronically,
some savings in postage will occur.

A survey of various

INDOT offices revealed that approximately $60,000 a year
savings could result.

Paperwork processing:

This

is

divided

into

cost

savings

for

eliminating

positions and time savings costs.

position elimination -

$239,400

Because the construction and materials & test data will
be in electronic form some of the current positions that
manage this data in paper form can be eliminated. The
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following ones have been identified:
District M&T clerks -

= $76,050

(1 per district)

Central M&T clerk -

=

$15,600

District Construction clerks -

=

$87,750
$179,400

-$239,400

Adding fringes $60,000 -

Time Savings cost -

$1,742,260

The following $ savings are due to expected reductions in
time for processing paperwork from various personnel.

District M&T clerks =

$

79,560

$

6,240

$

65,520

$

42,120

(1 per district @ 30 hr/wk)
District Testing Engr.=

(1 per district @ 1 hr/wk)
District Const. Final clerk =

(1 per district @ 20 hr/wk)
District Const. Final clerk =

(1 per district @ 10 hr/wk)
Project Engr. & Proj. Sup. =

$1,540,500

(316 @ 2 hr/day during const.)
District Const. Engr. =

$

6,240

Central Finals =

$

2,080

(1 @ 5 hr/wk)
$1,742,260
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The accounting department is currently installing a new
computer

system

requirements.

which

will

reduce

their

personnel

It is felt at this time that no further

reductions can or will occur in this department as a
result of this new construction system.

Form printing & storage:

$37,000

Currently $65,000 a year is spent on construction forms
and $7000 on printing them.

The $37,000 is based on

eliminating the printing cost and reducing the paper form
cost by $30,000 which is an guesstimate.

Permanent record storage:

$17,000

Permanent construction record is on microfilm now.
would be changed to computer data storage.

This

There would

be costs for computer storage so maybe there would be no
savings

for

savings

in

changing

processes.

personnel

electronically.

since

But

there

would

it

will

be

be

done

This is where the $17,000 comes from.

Management inquiries:

$40,000

This is the cost for retrieving management information
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from

construction

records.

Currently this

is

done

manually by utilizing clerks and secretaries to retrieve
it.

This cost is due to personnel savings for this

activity.

Quality:

Undetermined

Because construction personnel will have more time to
supervise construction, the quality in the constructed
project should improve.

Quantifying this in terms of $

savings would be purely sUbjective.

states that have developed and are using this type of a system
have documented some time benefits.

In Connecticut a pay estimate

would take a PE 1 week at 75% time, now it is performed in 1 to 2
days.

Stated earlier in the report was that on an INDOT project

about five hours per day is spent on paperwork.
1/2 was spent by the PE.

Of this five, 3-

In comparison a PE in connecticut spends

about 1-2 hours a day on paperwork, a time savings of a couple
hours a day when compared with INDOT.

In New Jersey, by the manual

method, it would take 1.5 hours to produce a daily report, 1.5
hours to produce a weekly report,
monthly estimate.

and four hours to produce a

with the automated system these same reports are

produced in 10 minutes, 15 minutes, and 20 minutes respectively.
Missouri DOT says their system is saving $.5 million a year with
improved accuracy.
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Chap ter 6

Recommendations

The goal of this comm ittee was to defin e an autom
ated syste m
for mana ging field gene rated data . A topic of much
discu ssion was
how deta iled this defin ition shou ld be. The comm
ittee agree d upon
a desc ripti on that would be comp rehen sive in
natu re
yet
pres cript ive in desc ribin g featu res that encom passe
s a wide range
of
capa bilit ies,
whil e
avoid ing
estab lishi ng
stric t
spec ifica tion s. So the follo wing recom mend ation s
attem pt to comp ly
with these defin ition guid eline s.

Hardware Conf iqura tion

Hard ware optio n 3 is the one being recom mend ed
by the Long
Rang e Data proc essin g Comm ittee. This optio n prov
ides the lowe st
data comm unica tion costs and the leas t depen dency
on the main
fram e.
It give s the cons truct ion perso nnel more cont
rol and
acce ssib ility over cons truct ion gene rated data .

outs ide Cons ultan t

The

comm ittee

recom mend s

cons ultan t shou ld be hired .

that

if

mone y

is

avai lable

a

One price recei ved is $3.3 milli on for

the cons truct ion data syste m with in a 13 mont h perio
d.
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This is a

very shor t deve lopm ent time so it would prov ide
a syste m very
quic kly. But with the recen t state budg et "bel t tight
enin g", this
money may not be avai lable . So for this conti ngen cy
the comm ittee
is prop osing the next alter nativ e.

Syste m Deve lopm ent

Afte r study ing othe r DOT syste ms and talki ng with Infor
mati on
Serv ices perso nnel , the comm ittee is recom mend ing
a two prong ed
deve lopm ent. One part is to come up with a shor t term
solu tion for
autom ating

cons truct ion field data and secon dly deve lopin g a
matu re syste m inco rpora ting the featu res desc ribed
in the repo rt.
Ther e are seve ral reaso ns for doing this.

Base d on othe r state syste ms,

in-ho use deve lopm ent time for

a comp rehen sive syste m may take a coup le year s.

The need is now.

curr ently a cons truct ion field syste m is oper ation al
at selec ted
proj ect sites . This is the Parad ox cons truct ion reco
rds progr am
ment ioned earl ier. The shor t term solu tion is to take
this syste m
expan d it and enha nce it to perfo rm the initi al featu
res desc ribed
in the repo rt.

The long term solu tion could evolv e from this
initi al one or afte r explo ring the Parad ox capa bilit
ies it may be

decid ed to use a high er leve l langu age and outsi de
cons ultan t to
deve lop.
If this happ ens the shor t term syste m could act as
a
bridg e to the othe r syste m by prov iding supp ort and relie
f to INDOT
field perso nnel .

The shor t term syste m could also serve as the
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blueprint or scaled down model.

This initial system will start with the existing Paradox
construction records program.

User ease capabilities such as pull

down screen menus, help screens, input error checking, and security
controls

will

be

added.

Material

and

test

data

will

be

incorporated and either a BAMS tie-in capability developed or some
of the appropriate BAMS functions included.

A basic computerized

specification module will be developed with the full capabilities
listed in this report available in the long term system.

Data

communication links with the District and the INDOT main frame
corporate database will be generated so that a complete intact
field data system exists.

A complete review of system forms will

occur as well.

This initial system can be performed and coordinated through
an conditionally

approved JHRP project at purdue University.

The

project would last approximately 18 months and a field system could
most likely be implemented sometime within 12 months after approval
date.

The implementation would occur in one district on new

projects to adequately test it.

At the same time it will also be

available to the other five districts for their use and feedback.
INDOT would incur a minimum cost because the development cost is
covered in the JHRP project.

To design and test this system some software and maybe a PC at
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This shouldn I t

the district office may need to be purchased.

exceed more than $7,OOO(includes cost for a Paradox compiler).
Development of the initial system would be supervised by the Long
Range

Data

Processing

committee

and

be

coordinated

with

the

commi ttee involved in the construction records program and the
Information

Services department.

One

person

from Information

services has been working on the construction records program so
this individual should be the one to work on this project.

An

estimated one day a week for the 18 month period should be budgeted
for this information services individual.

The long term system solution may evolve from this Paradox
based

one

or

necessary.

it

may

be

that

another type

of

development

is

This system would attempt to eliminate the "islands of

automation II
Computerized

by

bringing

specs,

an

systems
Executive

and

hardware

Reporting

together.

System,

BAMS

capabilities and some or all of the miscellaneous features will
characterize this system.

Kisc.

Other recommendations from the committee are the following.
PC

hardware

software

and

should have
hardware.

developed for system users.

386

capability

A formal

because

of

trends

in

training program

should

be

This may involve day long sessions at

the district or central office for construction personnel. INDOT
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needs to make this investment so the system stands a better chance
of being accepted.
established for
system.

A system improvement depository should be

incorporating user suggestions and revising the

And the Long Range Data Processing Committee should

continue to function until the system is field implemented to help
insure system capabilities.

costs and Benefits

To make this system operational statewide would require the
costs described,beforehand. This is a summary of these costs based
on 300 installations.

Startup costs:

PC work stations

$900,000

=

PC software (300 @ $650)

~

$195,000

District hardware & software =

$330,000

Mini software (6 @ $11,000)

$ 66,000

=

Training costs (estimated)

=

$ 10,000

Extra Security(300 @ $200)

~

$ 60,000

Total startup cost
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=

$1,561,000

Annual costs:

Communication =

$210,000

Maintenance (300 @ $200)=

$ 60,000

Miscellaneous (supplies, etc.) =

$ 10,000

Information Services Support =

$

8,320

(1 day/week= 8*52*$20)
Total annual costs

$288,320

=

The annual quantified savings are now summarized.
this an exhaustive determination.

By no means is

The main ones were investigated.

postage

=

$ 60,000

Position elimination

=

$239,400

Form printing & storage

=

$ 37,000

Permanent Record storage

=

$ 17,000

Management inquiries

=

$ 40,000

Total annual savings

=

$393,400

The annual cost savings do exceed the estimated annual costs but
what

about recovering the startup costs($1.5 million)

additional development cost for the complete system?

and the
The only

known development cost for the complete system was that submitted
by the consultant.

Using the other option this development cost is

unknown at this time.

To answer the question you have to place
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valu e

on

time

saved

by

utili zing

this

syste m.

calcu lated ($1,7 42,2 60) repre sents this valu e.

The

numb er

Even thoug h INDOT

will not reap this in real money its cons truct ion
oper ation s and
perso nnel will bene fit sign ifica ntly.
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Chap ter 7

conc lusio ns

Deve lopm ent and imple ment ation of the syste m will
requ ire a
cons idera ble amou nt of effo rt, coor dina tion, and
coop erati on. But
befo re this syste m can becom e real ity it has to
be perc eived by
INDOT mana geme nt as nece ssary and a prio rity. Two
real ities shou ld
not be over looke d.
One is that with trans port ation faci litie s
cont inuin g to dete riora te,
and heav ier use expe cted,
more
cons truct ion

will

be

neede d

to

keep

pace

with

the

dema nd.

Seco ndly, beca use of a shrin king work force , less
INDOT perso nnel
will be avai lable to mana ge cons truct ion proj ects.
Thes e real ities
shou ld
dema nd the devel opme nt and utili zatio n of an Auto
mated
Cons truct ion Data Mana geme nt Syste m by INDOT.
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Appendix B

state Survey Form

PUR DUE UNI VER SIT Y
(

SCHOO L OF CIVIL

ENGINE ERING

May 17, 1990

Dear Sir:
curr ently I am perfo rmin g a study for the India
na Depa rtmen t of
Highw ays to deve lop and desig n an Auto mated
Cons truct ion Data

Mana geme nt Syste m whic h would also inclu de mate rial
data testi ng.
Ultim ately , the syste m will emul ate a IIpap erles
s" envir onme nt for

reco rding , proc essin g, and track ing data .
Such a syste m will
assi st the cons truct ion engin eer by freei ng
pape rwor k shuf fle allow ing more time to be him/ her from the
devo ted to the
cons truct ion proc ess.

I am cond uctin g a surve y of state highw ay or
trans port ation
depa rtme nts to deter mine if a syste m is in exist ence
or is being

cons idere d for deve lopm ent.

Indic ate on the enclo sed form if your depa rtme
has, or has not
done work , or has know ledge on this type of systent
m.
the form to me by June 1. Your respo nse is very much Plea se retur n
appr eciat ed.
Sinc erely ,

Bob MCC ullau ch, Ph.D .
Assi stan t Prof esso r
BM/no

(

Encl osure

CIVIL ENGINE ERING BUILDI NG· WII!:ST LAFAYE
TTE. IN 47a07

(

Automated Construction Data Management System
Survey Form

State:

o
contact:

YES, such a system has been or is
being considered for development.

Name:
Address:

Phone:

o

Return to:

NO,

A system of this type does not
exist or ;s not being
considered for development.

Bob MCCullouch
Department of Civil Engineering
Civil Engineering Building
Purdue University
West Lafayette, IN 47907
Phone: 317-494-0643

(

State'

Contact:
Phone numbe r :
Phone Survey Information
1.

Find out what stage the system is at:
Conceptual
Design
Test
Operational

2. Ask for a description of the system and an explanation on how
it was developed and works.

- Data tracked
- Data paths
- Hardware used
- Software

(

Appe ndix c
state surve y Resu lts

June 13, 1990
Alas ka

PRM (Proj ect Reco rds Mana geme nt). used for
prod ucing mont hly estim ates. Also have an
autom ated weigh syste m(RF vehi cle tag for
recor ding weig hts). Weigh stati on at borro w
pits.

Arizo na

Syste m conc eptua lly desig ned but not
oper ation al becau se of budg et cons train ts.
LIMS - Lab infor mati on Mana geme nt Syste m.
Off the shel f softw are. Capa bilit ies
desc ribed in the Illin ois repo rt on page I-B.
Most of these syste ms are stand alone and
mini based .
Featu res inclu de: porta ble data
colle ctor( stori ng field gene rated data ); bar
code s for cont ract numb er, cont racto r name ,
mate rial type, othe r stand ard info .;
instr umen t inter face( RS23 2 capa bilit y).
Func tion summary and data flow char t shou ld
be creat ed in this study . Need comm ittee
help in this area. Arizo na cons olida ted
form s, 1NDOT shou ld cons ider doing it. Page
11I-1 desc ribes the syste m capa bilit ies, good
summary! Comm unica tion syste m is expl ained
in repo rt. Lease d telep hone line cost versu s
Integ rated Serv ices Digi tal Netw ork (ISDN) .
Staf f supp ort is esse ntial for syste m
devel opme nt and main tenan ce.

Arka nsas

Comp uteriz ed estim ating syste m. Oper ation al
for two year s. PC based with no main frame
tie-i n. Copie d Ariz ona's syste m. Curr ently
deve lopin g a mate rial & test progr am. Have a
sprea dshe et progr am for load tick ets. Plan to
use a PSION orga nizer (32K) ($300 ) porta ble
data colle ctor by insp ecto rs for reco rding
deliv ery data . Offe red certa in engi neer ing
progr ams.

Cali forn ia

Cont ract Adm inist ratio n Syste m(CA S). It is a
prog ress paym ent syste m, main fram e.
Mate rials & Test s is cons ideri ng deve lopin g a
syste m. Cons ideri ng deve lopin g a PC based
cons truct ion syste m.

Colo rado

Heav y BAMS user. Does not like the CAS
modu le. Has deve loped a CAS-PC vers ion for
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down loadi ng and uploa ding into the LAS
modu le. Recommends pool ing with othe r state s
to deve lop an autom ated field syste m.
Conn ectic ut

Syste m oper ation al since 1987 . Cost s
estim ated at $8 to $9 milli on for hardw are
and softw are, based on a $7.5 billi on
cons truct ion progr am. Thei r CMR
(Con struc tion Mana geme nt Reco rdkee ping)
syste m was deve loped by the cons ultan t
Ande rson of Hart ford, CN. Trac ks basi cally
every thing with most infor mati on comi ng from
the insp ecto r's daily repo rt. Field PC's
with term inal emul ation inpu ts data to a
UNISYS main frame . The custo m desig n was
writt en in COBOL. Stil l use a lot of hard
copie s since certa in depa rtme nts are not tied
into the syste m. Mate rials and testi ng was
prev iousl y avai lable and is acce ssed throu gh
inter face with the main fram e. Curr ently
deve lopin g an Exec utive repo rting syste m.
Initi ally looke d at BAMS but did not like the
syste m.

Flor ida

Will call back .

Illin ois

Conc eptua l stage . Sent copy of study team
fina l repo rt. Four (1 engr . & 3 DP) man team
curre ntly defin ing what to autom ate, start ed
in Apri l. Data to be proc essed and track ed
inclu des: daily repo rts, autom ate
engin eerin g paper work . Syste m will inclu de
an engin eerin g calc ulati on progr am (lotu s
123) , word proc essin g, and elec tron ic
bull etin board . softw are used : datae ase(P C),
lotus 123, comm unica tions softw are. Do not
plan on trans ferri ng into main fram e.
Mate rials & tests have an autom ated syste m
which will not be tied into. Look ed at
Kent ucky 's syste m.

Iowa

Curr ently in the conc eptua l (brai nstor ming )
stage s of a syste m. Wait ing for the CAS
modu le of BAMS but will prob ably go to a
custo mize d syste m. Desi re to ultim ately
docum ent all cont ract pay item s on a daily
basis with tota lly autom ated prog ress
paym ents. Would later inclu de mate rials .
Ment ioned that Wisc onsin has an autom ated pay
syste m but no mate rial syste m and Mich igan
has in-de pth mate rial appr oval comp uteri zed
but still uses a hand paym ent syste m. Iowa
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would like to combine these systems.
Kansas

system is in the developmental stage. A
consultant is on board, Arthur Anderson and
IBM, with in-house personnel overseeing.
This phase will establish the specification
for the Construction Management System with
the system being developed over a period of 2
years. Data will include contract
administration data of all types including
pay quantities, change orders, testing and
materials, etc. Intent is to have field
input data electronically transferred to the
central office main frame. Currently have a
few Zenith 268's available and would like to
stay with them. Hope to have a customized
system. Have looked at BAMS and are somewhat
leery of it (do not really want it). Have
looked at Colorado's Infotec system and do
not like it at all. Have also consulted with
Ohio on their plans.

Kentucky

Operational system. PC stand alone system,
dBase 111+ compiled programs. contractor's
bid disk downloads data in. Data tracked:
daily item quantity records, working days,
change orders. Produces contractor pay
estimate. Tracks quantities and $. Material
& test data is on a separate system. Main
frame processes the pay estimates, so a dual
system exists and some of the same data is
rekeyed.

Louisiana

Pavement management system.

Maine

Do not really have a system. Field engineers
have stand alone PC's for their use with
Lotus 1-2-3 and dBase III software. Reports
are formatted and shared with other field
engineers. Maine does use BAMS as their
bidding system. A consultant has been hired
to automate their lab testing and will
utilize UNIX mini computers.

Maryland

System has been operational for 2 to 3 years.
While operational, the system is constantly
changing and improving with a consultant on
board. Used on most major projects,
approximately 70-80 at the present time.
Data tracked includes, pay quantities,
workmen and equipment with the primary
document being the Inspector's Daily Report.
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Hard copy reports are then sent to the home
office for processing of monthly payments.
PC's are used in the field with no common
data base. Software program is dBase III
designed by GAl Consultants, Pittsburgh, PA.
Program does not include materials and
testing nor does one exist -- a common
complaint by the field personnel.
Michigan

Operational system. PC stand alone system.
dBase III + software and AT&T 386 equipment?
Processes project records for quantities, pay
estimate, tested materials verification. No
tie-in to main frame, so data is not
transferred. currently used in 54 field
offices.

Minnesota

Operational system went full scale July '89.
Includes 300 state projects at $500-$600
million. Costs for the in-house programming
are "roughly" estimated at $100,000.
Minnesota's CARS (Contract Administration
Record System) primary purpose is for
contractor payment. contract information is
downloaded from the BAMS system and goes to
the district or project office where
estimated quantities and work items are
tracked. Through the individual pay items a
document is computer generated and signed by
both the contractor and engineer and sent to
the central office to make payment. Over 100
PC systems are in use. The software is a
Metafile developed program (which may be too
small) expected to be upgraded in the future.
In-house design took approximately 12 months
to write and minor changes have been made.
Next step is to computerize the common
construction report forms. Analysts are also
currently looking at materials and tests.

Mississippi

No answer.

Missouri

Operational system just implemented this
month. Approximately 18 months to develop by
on board personnel. Expect system is saving
$0.5 million per year with accuracy being
dramatically improved. system is still in
the beginning stages. Primary data includes
daily reports, pay items, change orders and
weekly reports. Project engineer fills out
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the repo rt and send s it to the regio nal
offic e comp uter clerk who inpu ts the
infor mati on into the PC data bank . The
flopp y disk then goes to the Resi dent Area
and a bi-w eekly paym ent estim ate is prep ared .
Attem pting to get modems to elec tron icall y
tran sfer to pay offic es. The custo m syste m
is writt en in dBas e III. Miss ouri looke d at
the BAMS cons truct ion modu le, howe ver, it did
not inclu de every thing they desir ed and would
have had to have been tailo red. Thei r syste m
is desig ned aroun d conn ectic ut's syste m.
Neva da

Conc eptua l stage .

New Hamp shire

Syste m is in the deve lopm ental stage ,
antic ipati ng 3 year s to tota lly imple ment .
Curr ently 8 mont hs into the deve lopm ent and
havin g diffi culty Obta ining dedi cated time
from the comp uter perso nnel. Data track ed
inclu des recor d keep ing data with scree ns and
prom pts simi lar to the curr ently used reco rd
book s. PC's in the field tran sfer
infor mati on to the home offic e main frame by
use of a modem. In-ho use desig n is writ ten
in 'c' langu age. Tried Lotu s 1-2-3 and dBas e
III with no good resu lts. Work ing towa rds a
fully autom ated syste m with full tie-i n with
cent ral offic e main frame and avai lable CAD
syste m. Mate rials and testi ng is not
curre ntly imple ment ed but will be inclu ded
upon comp letion of recor d keep ing syste m.
State d Conn ectic ut has the best syste m, being
able to alloc ate $7.5 milli on to have a
cons ultan t desig n and deve lop the comp leted
syste m.

New Jerse y

ACES (Auto mated Cons truct ion Estim ate Syste m).
dBas e 111+ comp lied progr ams for prod ucing
mont hly estim ates. Daily repo rts and
insp ecto r's repo rt enter ed into PC at field
offic e. Equip ment : PC 286 or bett er wi 2
bern oulli boxes (20M B). Self cont ained syste m
used only at the proj ect site.

Nort h Caro lina

Conc eptua l stage . Would like cons t. diar ies,
daily repo rts, field repo rts ente red into an
autom ated syste m. PC based linke d to main
frame wi custo mize d softW are. Cons ultin g
firm - GAl Cons ultin g, Mon roesv ille, PA.
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North Dakota

System operational for approximately 5 years.
Took one year to work out the bugs and have
made yearly changes to enhance the system.
North Dakota's program and sample disks are
sold to the state's consultants. Primarily a
record keeping process which includes
progress reports, progressive payment
estimate and goes through the contractor
payment. Field engineers input project data
which is stored on a floppy disk. Payment
estimates are sent in for processing. A
total of 32 PCls are in the field with 640 K
memory and 10 MB hard drives. Program is an
in-house custom design in dBase III.
Materials and tests are not part of this
system and have their own stand alone system.
They appear to have several systems in
operation which do not interface each other.
Currently they are looking for an earthwork
package to compute dirt quantities, etc.

Ohio

Currently at the survey stage. Hired
McDonnel Douglas. studying forms in order to
eliminate some from the paper trail. New
system will not be restricted to complying
with existing formats. system features:
daily dairy, inspectors report, testing data,
maintenance operation. Lap top PC
utilization. Penn has a similar system.
Conn spent about $7 million to develop such a
system. System cost is $440,000 for this
phase. Phase II is software development.
Goal is to have an operational system by Oct.
91.

Oklahoma

No phone number given.

Oregon

Currently have several databases used by
field project managers. Those databases are:
Aggregate sources data base- contains
historical data of qualifying tests as well
as ongoing contract testing; automated
contracts payment system - partially
automates the monthly progress payments to
the contractor; MBE/DBE certified minority
list; Qualified Products list; Certified
Technician list. Systems currently being
developed are for electronic forms and a
pavement management system. In the future
these databases will be tied together to
create a Automated construction/ Maintenance
Management system.
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Penn sylva nia

Docu ment ation syste m. Field insp ecto r's
daily repo rt inpu tted. dBas e 1II+ syste m
with a PC in the field offic e. Passw ord
code d. Curr ently work ing on deve lopin g
netw orkin g data tran sfer. Curr ently using
modems to tran sfer to dist rict offic e. A M&T
syste m is curre ntly being deve loped . The M&T
syste m will not have a main frame tie-i n and
shou ld be oper ation al by mid 91. A
cons ultan t deve loped both syste ms.

South Caro lina

Cons truct ion syste m tie-i n to BAMS. Feat ures
to be incor pora ted are insp ecto r diary , lab
repo rts, & mate rial repo rts.

South Dako ta

Conc eptua l stage . Form ed a task force that
will visi t othe r state s to obta in
ideas (ND,NEB,WI) . Mate rials & Test data , pay
estim ates, & cons truct ion reco rd keep ing will
comp rise the syste m. In-ho use deve loped .

Texa s

An oper ation al syste m since 1973 , upgra ded in
1981 . Prim arily for cont racto r paym ent with
some mate rial mana geme nt. PC's are used in
the field and a main frame in the cent ral
offic e. The two are not linke d toge ther.
state d the AASHTO subco mmit tee is send ing out
a ques tionn aire conc ernin g autom ated syste ms.
Kans as and Ohio are colla bora ting as a
forer unne r to the impro veme nt of the BAMS
syste m. They are spen ding appr oxim ately $1.5
milli on and are look ing for othe r state s to
inclu de. Texa s is a big advo cate for
autom ation .

Verm ont

Syste m oper ation al for 3 year s. Estim ate
good imple ment ation at appr oxim ately 50%.
Main chall enge is in train ing the perso nnel .
The syste m is prim arily a field book keep ing
syste m inclu ding quan titie s paid , bi-w eekly
quan titie s and daily repo rts. Infor mati on is
inpu t by comp uter in the field and comp uter
gene rated repo rts (pape r) are maile d to the
home offic e for proc essin g. Hard ware is
stric tly PC's . The book keepi ng softw are is a
custo m, in-ho use deve loped Basi c syste m.
Mate rials secti on has a sepa rate syste m.
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State d conn ectic ut has the best syste m in the
Nort heas t.
West Virg inia

No answ er.

Wash ingto n

Have seve ral sepa rate syste ms in diffe rent
stag es. The CAPS (Con tract Adm inist ratio n
Paym ent Syste m) is in its 3rd versi on with
the lates t versi on runn ing for over 2 year s.
Syste m is stric tly an autom ated paym ent
syste m with field inpu t made into an
autom ated ledg er with the paym ent
auto mati cally gene rated and sent to the
cont racto r. The CCIS (Con struc tion Cont ract
Infor mati on Syste m) is a main fram e/mic ro
comp uter syste m. Initi al train ing was
comp leted this week with testi ng to be done
in 4 or 5 field offic es throu gh the summ er.
Field data such as time , chang e orde rs,
subc ontra ctors , etc. is inpu t in the field
and sent elec tron icall y to the home offic e.
Curr ently in the proc ess of deve lopin g a
mate rials and tests progr am (LIMS) to make a
pape rless lab - cons ultan t is desig ning .
CAPS uses a Normal data base and is an inhouse desig n by MIS perso nnel. CClS and LlMS
uses a SMART II data base and is deve loped by
cons ultan ts with assis tanc e by MIS perso nnel
due to the main frame .

Wisc onsin

Thre e year old oper ation al syste m. Ente r
daily work items and mont hly estim ate
produ ced. Item recor d acco unt. Equip ment :
386 PC, 386 zenit h lapto p, mode m(use d for
hooku p to main fram e). Elec troni c tran sfer
info to cent ral offic e. Prov ides disp lay
write word proc essin g and Lotu s 123 supp ort.
Softw are used: Adva nced reve latio n datab ase
softw are a relat iona l syste m. Cost is $500
for the devel opme nt copy and $100 for the
runti me copy . Comm unica tions softw are is
FTter m2. Have virtu ally no comm unica tion
probl ems. Sign ature appr oval for paym ent
relea sed is prov ided by pape r. 140 PE are
using the syste m.
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